Caesarean section is the most frequent obstetric operation which is associated with increased maternal morbidity and mortality. Although these risks are low, affected women may suffer from severe consequences and this may affect subsequent pregnancies and deliveries. A variety of surgical approaches have been described, however, on low evidence level. The objective of this chapter is therefore to systematically search the literature and analyse the available evidence including preoperative workup, prophylactic antibiotics, skin disinfection, preoperative bladder catheterization as well as details of the individual steps of the actual operation itself such as skin incision types, preparation of soft tissue and womb, removal of the placenta, cervical dilatation and stitching of the womb, peritoneum, rectus muscle, fascia, subcutaneous fat, and skin. We systematically searched for meta-analysis, systematic reviews, and big studies and evaluated the evidence for each individual step.
Although one of the most commonly practiced operation a consensus on the most appropriate technique has not yet been reached, mostly because well-designed studies and solid evidence have been sparse. There are different techniques described such as the classic Pfannenstiel-Kerr technique, the Joel-Cohen method, and the Misgav Ladach technique [7] .
There are many ways to perform a caesarean section. The Pfannenstiel-Kerr technique consists of the Pfannenstiel incision (Figures 1-3 ), which is a transverse skin incision, two fingers above the symphysis pubis, which is extended in the direction of the anterior superior iliac spine (ASIS), and ends 2-3 cm medial to ASIS on both sides [8] . The subcutaneous layer is opened via sharp dissection followed by a sharp extension of the fascia, a sharp superficial uterine incision, and then blunt entry. The placenta is removed manually, and the uterine closure is made by an interrupted single layer closure. The peritoneum is closed, and the fascia is interruptedly closed, followed by omittance of suturing of the subcutaneous layer and continuous suture of the skin.
In the Joel-Cohen technique, the skin incision is placed 3 cm above the original Pfannenstiel incision, the subcutaneous tissue is incised only in the three most medial centimetres, and the lateral tissue is separated manually, before the fascia is divided bluntly with both index fingers inserted in the deep fascial space created by the knife. Then, the peritoneum is opened bluntly with fingers, the uterine cavity is incised, and the incision is extended bluntly laterally by two fingers [9] . The placenta is delivered spontaneously, after delivery of the baby [10] . The uterine closure is made by a single interrupted layer, the peritoneal closure is omitted, and the fascial closure is also interrupted. The subcutaneous suture is omitted, and the skin is sutured continuously (Figures 4 and 5) . The Joel-Cohen technique is claimed to be faster to The Surgical Technique of Caesarean Section: What is Evidence Based?
http://dx.doi.org/10.5772/intechopen.78040 45 The Misgav Ladach technique for caesarean section was first described by Michael Stark, based on the Joel-Cohen incision. It was initially introduced at Misgav Ladach hospital in Israel [12] . The procedure includes a transverse skin incision 5 cm above the symphysis pubis and blunt dissection of all abdominal walls after sharp superficial incision of the fascia (Figures 6 and 7) and uterus ( Figure 8 ). The placenta is removed manually after delivery of the baby. One running layer suturing the uterus (Figures 9 and 10 ) [13] and non-closure of the peritoneum were also considered acceptable by many during 1990s [14] . The fascia is closed continuously, the subcutaneous layer is not sutured, and the skin is closed with a mattress suture. A modification of the Misgav Ladach technique was suggested by Stark in 1995 [15] .
The Misgav Ladach technique is claimed to have several advantages compared with the Pfannenstiel-Kerr technique. Major differences are digital manual manipulation instead of using sharp instruments which is associated with the least possible trauma to the tissues, less blood loss, faster recovery, shorter anaesthetic time, and using less suture material [16] . A reduced level of antibiotic and narcotic use, faster return of normal bowel function, shorter maternal hospital stay and less postoperative adhesion formation as well as lower incidence of fever, and urinary tract infection has been suggested for that technique. The Misgav Ladach technique is suitable for both elective and emergency caesarean section [17] .
The modified Misgav Ladach technique, other than the original Misgav Ladach technique, uses a Pfannenstiel skin incision, a spontaneous delivery of the placenta, a peritoneal closure, and a continuous closure of the skin [7] . It is important that surgeons use techniques which have been shown to be associated with low rates of maternal morbidity and mortality. Therefore, the objective of this chapter is to systematically search the literature and analyse the available evidence for robustness including preoperative workup, prophylactic antibiotics, skin disinfection, preoperative bladder catheterization as well as details of the individual steps of the actual operation itself such as skin incision types, preparation of soft tissue and womb, removal of the placenta, cervical dilatation and stitching of the womb, peritoneum, rectus muscle, fascia, subcutaneous fat, and skin.
Data collection
We did a systematic literature review of PubMed and the Cochrane Database in English.
Search terms used were techniques of caesarean section, randomised controlled trials, metaanalysis, systematic reviews, Cochrane systematic review, prophylactic antibiotics, skin disinfection, preoperative bladder catheterization, skin incision types, dissection of fascia off the rectus muscles, bladder flap, uterine incision, removal of the placenta, cervical dilatation, closure of the uterine incision, closure of the peritoneum, subcutaneous closure, prophylactic drainage, and skin closure.
Before the search, we defined inclusion criteria and exclusion criteria:
Inclusion criteria: randomised controlled trials, cohort, case-control, systematic review, metaanalysis, and the above search terms. 
Caesarean Section
Exclusion criteria: comments, letters to the editor, personal communications, and case reports.
The author selected the articles first through focused review of abstracts. Eligible studies underwent full text review.
We identified a total of 4593 studies.
We excluded 4532 studies for not meeting either the inclusion criteria, for meeting the exclusion criteria or for not answering the question.
The resulting number of studies was analysed (abstract: 61, whole paper were downloaded: 60).
The references of the most important studies were again checked for eligibility as part of the search strategy.
Data from the randomised controlled trials and Cochrane systematic reviews were extracted, and each step of the operation was discussed using the available evidence.
Potential outcomes were: the technique/procedure which should be used, should not be used, no/low evidence available to answer the question.
Thus, the result of this chapter is a summary of the conclusions of each one of the individual steps to perform a caesarean section.
From the abstracts retrieved by our search, we identified 49 studies and 12 Cochrane systematic reviews. All manuscripts were retrieved in electronic pdf format and analysed in detail.
Preoperative preparation

Prophylactic antibiotics
Wound infection and postpartum endometritis following caesarean section are a frequent problem associated with maternal morbidity and mortality. Caesarean section is the most important risk factor for puerperal infection, and the incidence varies worldwide between 2.5 and 20.5% [18] . The infection is mostly polymicrobial involving a spectrum of Grampositive and Gram-negative bacteria, anaerobes, Gardnerella vaginalis, and genital mycoplasmas [19] .
Antibiotic prophylaxis is generally recommended for preventing infection after caesarean section. The administration of antibiotic prophylaxis should be effective, safe, and convenient. The route of administrating antibiotic prophylaxis can either be intravenous, orally or by antibiotic irrigation (washing with a saline solution containing antibiotics). Nine studies compared the administration of intravenous antibiotics with antibiotic irrigation and were analysed in a Cochrane systematic review [20] . The differences in the frequency of endometritis and wound infection between intravenous antibiotics and irrigation following caesarean delivery were not significant, but the evidence was of low quality.
Other studies have evaluated different prophylactic antibiotic regimens and compared single dose antibiotics with extended spectrum coverage. Ampicillin/sulbactam [21] , triple antibiotic (ampicillin, gentamicin, and metronidazole) [22] , and penicillin and cephalothin [23] were compared with standard cephalosporin prophylaxis. There was no improvement shown in giving an extended spectrum coverage compared to a single drug. Thus, a single dose of ampicillin or first generation cephalosporin should be administered as a prophylaxis in women undergoing caesarean delivery. The level of evidence was high.
The timing of antibiotic administration is also discussed in the literature. Some authors claim that antibiotic prophylaxis should be given preoperative, whereas others recommend it after cord clamping. In a Cochrane systematic review, 10 studies were analysed showing that antibiotics given to women before caesarean delivery nearly halved the risks of combined infections (43%), wound infection (41%), and endometritis (46%), compared to giving the antibiotics after clamping the umbilical cord [24] . Urinary and lung infections, febrile illness, and pelvic abscess did not differ in the two groups, nor did adverse effects in newborns. A meta-analysis of 5 RCT's showed that preoperative administration should be given 15-60 min prior to skin incision to reduce the risk of postpartum infection [25] .
Antibiotic prophylaxis should therefore be given prior to the operation. The evidence was of high quality.
Skin disinfection
Women who give birth by caesarean section are exposed to surgical site infections. The rate of post caesarean infection has been estimated to be 10 times greater than that after vaginal birth [26] . The incidence of wound infection following caesarean section ranges from 3 to 15%. Risk factors for a wound infection are obesity, diabetes, immunosuppressive disorders (HIV infection), and chorioamnionitis during labour, anaemia, or women taking corticosteroids [27] . In order to reduce the risk of postpartum infection, adequate preparation of the skin before the incision is mandatory and is recommended by bodies such as the Royal College of Surgeons of England [28] and the Center for Disease Control and Prevention [29] . An application of an antiseptic is necessary to reduce or remove bacteria. Commonly used antiseptics include chlorhexidine, parachlorometaxylenol, iodine or povidone-iodine, and alcohol. They can be applied as liquids or powders, scrubs or on impregnated drapes. The antiseptic and the type of application given should be broadspectrum and fast acting.
A Cochrane review of skin preparations for clean surgery [30] found that preoperative skin preparation with 0.5% chlorhexidine in methylated spirits was associated with lower rates of surgical site infections following clean surgery, than alcohol-based povidone-iodine, but the evidence of two studies was low. A more recent Cochrane review for skin preparation for preventing infection following caesarean section of six trials found no advantage in either one of the techniques used [31] . Only one trial showed that chlorhexidine gluconate, compared with iodine alone, was associated with lower rates of bacterial growth after caesarean section, but the quality of evidence was very low. More high quality research is necessary to answer the question of the most sufficient preoperative skin preparation.
Preoperative bladder catheterization
Bladder evacuation with an indwelling catheter is a common preoperative procedure prior to CS. Alleged advantages of using catheters include a maintaining bladder drainage that may improve visualisation during surgery and minimise bladder injury. It is also linked with less retention of urine after operation with decreased incidence of postpartum haemorrhage due to uterine atony. But urinary catheters are associated with an increased risk of urinary tract infections, and the prevalence varies from 6 to 80% [32] . Catheter-associated urinary tract infections can lead to such complications as cystitis, pyelonephritis, and septicaemia which are uncomfortable for women and cause prolonged hospital stay, increased cost, and mortality [33] .
A Cochrane review for indwelling bladder catheterisation as part of intraoperative and postoperative care for caesarean section included five studies of moderate quality [34] . Interestingly, urinary tract infection as defined by trialists was not different between the catheterised and non-catheterised group. There was also no difference shown in the incidence of postpartum haemorrhage (PPH) due to uterine atony. Given the low incidence of bladder or ureteral injury reported in the literature [35] , these trials were underpowered to detect a difference in these outcomes. On the other hand, discomfort due to catheterisation or at first voiding and longer hospitalisation favoured the no catheter group, but there was marked heterogeneity among the included studies. Based on the Cochrane review, there is insufficient evidence to assess the routine use of indwelling urinary catheters for intra-and postoperative care in patients undergoing caesarean delivery [34] . The level of evidence was moderate.
Intraoperative techniques
Skin incision types
Different types of skin incisions of the abdominal wall can be used for caesarean section. Patterns include vertical (midline and paramedian) incisions and transverse incisions (Pfannenstiel-Kerr, Joel-Cohen, Misgav Ladach, and Modified Misgav Ladach). Traditionally, vertical incisions were used for caesarean delivery [36] , but the disadvantages of a vertical incision are greater risk of postoperative wound dehiscence and development of incisional hernia as well as cosmetical inconvenience. Nowadays, the lower abdominal transverse incision is adequate for the majority of caesarean operations because of the minimal risk of postoperative disruption, less incisional hernia, and cosmetic approval. Pfannenstiel and Joel-Cohen incision are described above and were analysed in a Cochrane review. Two trials [37] [38] [39] including 411 women compared the Joel-Cohen incision with Pfannenstiel incision, whereas all other aspects of surgery in these two trials were identical [40] . In the Cochrane review was shown that postoperative febrile morbidity and postoperative analgesic requirements were less, the operating time, the delivery time, the total dose of analgesia, the estimated blood loss, and the postoperative hospital stay for the mother were reduced in the Joel-Cohen group compared with the Pfannenstiel group [40] . Altogether, the Joel-Cohen incision is associated with some advantages compared with the Pfannenstiel incision and should be recommended, but is less popular with women for cosmetic reasons.
The level of evidence was moderate.
Dissection of fascia off the rectus muscles
This question has been evaluated in a randomised controlled trial [41] . Non-dissection of the lower rectus fascia (pulling the fascia slowly manually apart) was associated with lower decline of pre-and post-surgical haemoglobin levels and less pain and should be recommended. The level of evidence was low.
Bladder flap
The bladder flap development (downwards removal of the bladder from the lower uterine segment) versus omission of the bladder flap has been investigated in a randomised controlled trial with 258 women. Omission of the bladder flap at caesarean delivery (primary and repeat) did not increase intraoperative or postoperative complications such as blood loss, postoperative micro haematuria, postoperative pain, hospital days, endometritis, or urinary tract infection but shortened incision to delivery time [42] .
In another trial with 620 patients, it was shown that the visceral peritoneal closure of the bladder flap increased postpartum urinary frequency [43] . Because of those trials, the routine bladder flap development and closure of the visceral peritoneum of the bladder flap cannot be recommended, but trials have been underpowered to assess morbidity such as bladder injury and adhesion formation. The evidence was of moderate quality.
Uterine incision
A Cochrane review specifically assessed surgical techniques involving the uterus at the time of caesarean section and included the type of uterine incision (lower transverse uterine incision versus other types of uterine incision) and methods of performing the uterine incision ('sharp' uterine entry versus 'blunt' uterine entry) [44] . A transverse lower segment uterine incision, which is favoured by many obstetricians because of less vascularisation of the lower uterine segment, a better closure and less incidence of uterine dehiscence or rupture in subsequent pregnancies [45] is compared with other types of uterine incision (low vertical, 'classical', T-shaped or J-shaped incision). The Cochrane review did not identify any randomised controlled trials assessing the type of uterine incision to be used. But the ACOG stressed that uterine rupture is a significant risk in a subsequent pregnancy or labour, with estimates of occurrence being 4-9% for classical (uterine body and midline) caesarean incision, 4-9% for inverted T-shaped incisions, 1-7% for lower uterine segment vertical incisions, and 0.2-1.5% for lower uterine segment transverse incisions [46] .
Methods of performing the uterine incision ('sharp' uterine entry versus 'blunt' uterine entry) were compared in five studies including 2141 women, and the Cochrane review pointed out that there were no statistically significant differences identified for the primary outcome febrile morbidity following blunt or sharp extension of the uterine incision, whereas mean blood loss and the need for blood were significantly lower following blunt extension, with no other significant differences identified in duration of operative procedure and maternal morbidity. No statistically significant difference was seen in the rate of neonatal injury. Therefore, blunt extension should be recommended. The level of evidence is high.
Removal of the placenta
The mode of placental delivery contributes to morbidity and determines blood loss during caesarean section [47] . Altogether there are two common methods used to deliver the placenta at caesarean section, by spontaneous delivery with mild cord traction and by manual removal. A Cochrane review compared the effects of manual removal of the placenta with cord traction at caesarean section, and 15 studies including 4694 women were analysed [48] . It was pointed out that the manual removal of the placenta was associated with more blood loss, more endometritis, and longer duration of hospital stay compared with cord traction. No significant differences were shown in fetomaternal haemorrhage, blood transfusion, and puerperal fever. Therefore, spontaneous delivery with cord traction should be used, and the level of evidence was high.
Cervical dilatation
During elective, non-labour caesarean sections cervical dilatation by using finger, sponge forceps or other instruments are performed by some obstetricians after placental removal. On the one hand, it is discussed that an undilated cervix may cause obstruction of blood or lochia drainage, but on the other hand, mechanical cervical dilatation using a finger or instruments during caesarean section may result in contamination and increase the risk of infection or cervical trauma. One randomised controlled trial [49] and one Cochrane review analysing three trials with a total of 735 women [50] found insufficient evidence of mechanical dilatation of the cervix at non-labour caesarean section for reducing postoperative morbidity. This does not justify cervical dilatation at present. Further, randomised controlled trials with adequate methodological quality are needed.
Closure of the uterine incision
The traditional approach to uterine suture is double layer closed [13] , although a variety of techniques has been discussed in the literature. Haemostasis, wound healing, and possibly a reduced risk of uterine rupture in subsequent pregnancies are discussed as potential benefits of a double layer suture, whereas single layer closure may be associated with reduced operating time, reduced tissue disruption, and less suture material being absorbed in the wound.
In a Cochrane systematic review, 19 studies were identified comparing single layer with double layer closure of the uterus [44] , and data of 14 of the studies were analysed in a meta-analysis. The systematic review pointed out that there were no statistically significant differences in febrile morbidity in both groups. They also found that mean blood loss was reduced in the single layer closure, but heterogeneity was high, and this limits the clinical applicability of the result. No statistically significant differences were also found for the risk of blood transfusion or other clinical outcomes.
One study was identified comparing continuous versus interrupted single layer closure for the uterine incision, but no clinical or maternal outcome was assessed using either ultrasound or hysteroscopy [51] .
In a separate meta-analysis, uterine exteriorization for hysterotomy repair was compared with intra-abdominal repair, and it was shown that febrile complications and surgical time were similar between both groups, and the decision should be provided by the surgeon's preference [52] .
Closure with catgut was compared with polygactin-910 closure in 9544 women, where a significant reduction in the need for blood transfusion and a significant reduction in complications requiring relaparotomy were seen in the catgut closure group [53] [54] [55] [56] [57] [58] ; however, there was no significant difference in any other clinical outcome.
Altogether, there is limited high quality information available to suggest that one surgical technique of closing the uterine incision is superior to another, in particular regarding the chances of uterine rupture in subsequent vaginal birth following caesarean section (VBAC), and future randomised trials should be adequately powered to detect important differences in clinically relevant outcomes.
Closure of the peritoneum
Closure of the peritoneum at laparotomy has been a part of standard surgical practice. Possible advantages of closing the peritoneum after caesarean section include restoration of anatomy, reduction of infection, reduction of wound dehiscence, reducing haemorrhage, and a minimisation of adhesions [59] , whereas the suturing of the peritoneum may cause peritoneal tissue ischaemia at the edges, which may delay healing and serve as a cause of intraperitoneal adhesions and febrile morbidity.
In a Cochrane systematic review, different types of the closure versus non-closure of the peritoneum during caesarean section were analysed [60] .
We looked at the results of 16 studies including 15,480 women, when both parietal peritoneums were left unclosed versus when both peritoneal surfaces were closed. In four trials, no differences were seen in the postoperative adhesion formation, whereas there were a reduction of operating time, a reduction in hospital stay, and less chronic pelvic pain in the peritoneal non-closure group. No differences were seen in the occurrence of infectious morbidity, endometritis, and wound infection. The quality of the trials was variable with some of the outcomes demonstrating significant heterogeneity.
Three studies including 889 women investigated non-closure of visceral peritoneum versus closure of both peritoneal layers. In two trials, adhesion formation was increased in the visceral peritoneal non-closure group, but it was at high risk of bias, whereas one study showed a reduction in operating time and postoperative hospital days [61] .
Two studies with 573 women compared non-closure of parietal peritoneum only with closure of both parietal and visceral peritoneum and stressed that neither study reported on postoperative adhesion formation, but one study showed that there were no significant differences in endometritis, fever, wound infection, or hospital stay, but the operative time was reduced, and a reduction of pain was seen in the non-closure group [62] .
One study examined non-closure versus closure of visceral peritoneum when parietal peritoneum is closed and pointed out that there was reduction in urinary symptoms of frequency, urgency, and stress incontinence when the visceral peritoneum is left unsutured [63] .
Altogether, there was a reduction in operative time across all the subgroups with the peritoneum left open, and there was no clear evidence on reduced adhesion formation for the peritoneum closure group. At the moment, there is insufficient evidence of advantages to justify the additional time and use of suture material necessary for peritoneal closure.
The Cochrane review stressed that quality of trials was variable, the results were in general consistent between the trials of better and poorer quality, and further studies are needed to further assess all outcomes [60] .
Subcutaneous closure
In a Cochrane review, 7 trials with 2056 women were analysed showing that the risk of haematoma or seroma was reduced with subcutaneous closure compared with non-closure but no difference in the risk of wound infection or other short-term outcomes was found [64] . A meta-analysis evaluating six randomised studies showed that prophylactic drainage was not associated with decreased wound infection, hematoma, or seroma and cannot be recommended [65] .
No difference was seen in the risk of wound infection between blunt needles and sharp needles, and no trials were found investigating suture techniques or materials for closure of the rectus sheath or subcutaneous fat. Closure of the subcutaneous fat may reduce wound complications, especially when subcutaneous fat is >2 cm, but further trials are needed which are adequately powered to detect clinically important differences.
Skin closure
The skin incision can be closed by subcuticular suture immediately below the skin layer, by an interrupted suture, or by staples. In a review of five randomised controlled trials and one prospective study, staple closure was associated with a two-times higher risk of wound infection or separation compared with subcuticular suture closure [66] . In contrast to this data, a Cochrane systematic review of eight studies stressed that wound complications and cosmetic outcomes were similar among both groups [67] . There is currently no conclusive evidence about how the skin should be closed after caesarean section. 
Summary (suggested strategy/protocol)
• Prophylactic antibiotics: yes, single dose, ampicillin or first-generation cephalosporin, 15-60 min prior to skin incision, LoE: high.
• Skin disinfection: yes, always, LoE: high; type of antiseptic chlorhexidine gluconate, LoE: low.
• Preoperative bladder catheterization: none or early removal, not enough evidence to assess the routine use of indwelling bladder catheters, LoE: moderate.
• Skin incision types: Joel-Cohen incision is associated with some advantages compared to Pfannenstiel, but less popular for cosmetic reasons, LoE: moderate.
• Dissection of fascia off the rectus muscles: no, median incision and blunt dilatation of the lower rectus fascia, LoE: low.
• Bladder flap: no, LoE: moderate.
• Uterine incision: transverse lower uterine segment, LoE: moderate; blunt expansion, LoE: high.
• Removal of the placenta: yes, spontaneous (with mild cord traction), LoE: high.
• Cervical dilatation: no, does not reduce morbidity from infection, LoE: high.
• Closure of the uterine incision: single layer, LoE: high; continuous and unlocked, LoE: moderate.
• Closure of the peritoneum: no, generally not recommended, individual decision, LoE: moderate.
• Subcutaneous closure: yes, if subcutaneous tissue >2 cm, LoE: high.
• Subcutaneous drain: no, does not reduce wound morbidity/infection, LoE: high.
• Skin closure: staples or subcuticular suture possible, LoE: moderate.
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